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Introduction
Foraging has been defined as 'the processes whereby an organism searches, or ramifies within its habitat, which enhance its acquisition of essential resources' (Hutchings & de Kroon 1994) . In plants, foraging may be achieved by morphological responses of shoots, rhizomes, stolons or roots to patchy resources and, in a broader sense, many types of responses to patches (including no response) can be considered as foraging (de Kroon & Hutchings 1995) . Physiological responses to resource patches may also'be considered a means of foraging (Jackson, Manwaring & Caldwell 1990; Hutchings & de Kroon 1994) . Foraging responses for plants or animals have been more rigorously defined as responses that: (i) occur before resource uptake; (ii) modify the degree of uptake; and (iii) can be varied by the foraging organism (Kelly 1990 ). Morphological responses of above-ground parts to light patches, triggered by responses to the red/far-red ratio (Ballare, Scopel & Sanchez 1990) , may satisfy all three of these requirements (Hutchings & de Kroon 1994) . Most foraging responses to soil nutrient patches, however, are probably hormonally mediated responses to resource uptake, and therefore occur shortly after patches are encountered, rather than before resource uptake (Hillman 1984; Salisbury & Marinos 1985; Hutchings & Mogie 1990; Hutchings & de Kroon 1994; Voesenek & Blom 1996) . However, this distinction may be unimportant (e.g. Pyke 1978; Hutchings & de Kroon 1994) . Plastic foraging responses are examples of phenotypic plasticity. Genotypic differences in the degree of plasticity have been found for many plant traits (e.g. Bradshaw 1965; Jain 1978; Taylor & Aarssen 1988; Thompson, McNeilly & Gray 1991; Cheplick 1995) .
Plasticity, which can be an important adaptation to variable or unpredictable environments (Bradshaw 1965; Jain 1978; Hume & Cavers 1982) , can be subject to natural selection (Bradshaw 1965; Schlichting 1986; Pigliucci 1996) . The fitness advantage of a plastic response of orthotropic shoots to light was demonstrated by Schmitt, McCormac & Smith (1995) .
Others have shown that clonal plants produced greater biomass in patchy than in uniform habitats, but due mainly to plastic root/shoot allocation (Birch & Hutchings 1994 ), or to clonal integration and resource transport Wijesinghe & Handel 1994) . Cheplick (1995) found genetic differences in the amount of rhizome production in response to nutrient levels. However, few have tested for genetic differences in the degree of plasticity in the ramet placement response or related these differences to difference in fitness in patchy habitats, in order to determine if this plasticity is adaptive (sensu Thompson 1991).
We investigated the existence, and advantages to the genet, of foraging by plasticity in ramet placement Eissenstat & Caldwell 1988; Jackson & Caldwell 1989 , 1996 . Therefore, both the caespitose and the rhizomatous subspecies may be able to exploit nutrient-rich patches, but by different mechanisms.
Both wheatgrass taxa occur in sagebrush steppe, where patchiness of soil resources is important (Jack- We addressed hypotheses concerning: (i) the degree of plasticity exhibited by the rhizomatous taxon in ramet placement in response to nutrient patches; (ii) the ability of roots of both taxa to access patchy soil nutrients; (iii) the total genet above-ground biomass of the rhizomatous taxon, thickspike, compared to that of the caespitose taxon, Snake River, under patchy soil nutrient conditions; and (iv) whether genets that differ in degree of ramet placement response have different total above-ground biomass. At the time rhizomes were excavated, root biomass for each destination cell was obtained by sieving roots from soil using a 3-mm mesh sieve. Only 10 of the 14 genets were used in analysis of root biomass to preserve a balanced design (genets for which one plot had been omitted because of disturbance to the plot were completely omitted from the analyses; other randomly selected genets were omitted to retain equal numbers of genets per taxon). In the thickspike plots, roots were separated into those arising from rhizomes that entered the destination cell and those arising from (Bohm 1979; Caldwell & Virginia 1989) , but it should be acceptable for making comparisons of root biomass between plots. To obtain an estimate of root biomass not recovered, subsamples of sieved soil (22% of the total sample) from six plots were processed through a hydropneumatic elutriation system (Smucker, McBurney & Srivastava 1982) .
Above-ground biomass was clipped at 5 cm height at summer senescence in July 1993, oven-dried at 70?C for 48 h, and weighed.
Greater branching intensity in high-nutrient patches can be a direct result of more growth, but reduced rhizome length between parent and daughter ramets is a morphological response to patch quality that results in more effective exploitation of patches. Thus, the appropriate test for plasticity in ramet placement should be the response of spacer.lengths (Hutchings & de Kroon 1994; Cain 1994) . Therefore, to address 
Results

SOIL NUTRIENTS
Concentrations of nitrogen and phosphorus in lownutrient cells were at levels considered low for sagebrush steppe soils (< 5mg kg-' of available nitrogen and < 10mg kg-' phosphate; Jackson & Caldwell 1991 ) throughout the experiment, except nitrogen slightly exceeded 5mg kg-' in September (Fig. 1 ).
These nutrient levels apparently severely limited growth of the grasses in this experiment when both cells of the plot were at low nutrient levels. Nutrient levels in high-nutrient cells were usually an order of magnitude higher than in the adjacent low-nutrient cells (Fig. 1) . By the end of the experiment nitrogen was depleted in both high-and low-nutrient cells (Fig. 1) . Nitrogen depletion occurred during spring, when abundant plant growth occurred. Thus, plant responses are assumed to be responses to patches of low and high nitrogen and phosphorus. Nutrients diffusing from high-nutrient cells did not significant increase nitrogen or phosphorus levels in low-nutrient cells, compared to plots in which both cells were lownutrient (data not shown).
DISCRIMINATION BETWEEN LOW-AND HIGH-NUTRIENT CELLS
A significantly greater proportion of tillers was phalanx in high-nutrient than in low-nutrient destination cells (P < 0.02; Fig. 2 and the destination-by-genets interaction were not significant, a result that is pertinent to the fourth hypothesis. In a secondary analysis, nutrient status of origin cells was not significant.
Nutrient status of both the origin and destination cells was highly significant in determining the number of all tillers in the destination cell (P < 0.0001, P < 0.001, respectively); their interaction was not significant (Fig. 3) , and genets did not differ significantly.
The number of all tillers in the destination cell was primarily a function of total nutrient availability, regardless of whether nutrients were in origin or destination cells (Fig. 3) .
ROOTS EXPLOITING HIGH-NUTRIENT CELLS
Snake River, the caespitose grass, had slightly higher root biomass in destination cells than thickspike, regardless of nutrient status of origin and destination cells (P < 0.05; Fig. 4) . Origin, destination and their interaction were highly significant (P < 0.0001).
Roots of both taxa invaded high-nutrient destination cells regardless of nutrient status of the origin cell.
Many roots also invaded low-nutrient destination cells with high-nutrient origin cells, but invading roots were few when both origin and destination cells were low in nutrients (Fig. 4) . Origin-by-taxon and destination-by-taxon interactions were not significant, indicating that each taxon responded similarly to nutrient status of each cell. Root biomass of genets also did not differ significantly.
Only about 350% of the root biomass in destination cells was identified as arising from rhizomes in the destination cell, or as arising from roots entering from the origin cell (Table 2a) . Considering the large proportion of roots that were not identified as to source, (Table 2b ).
There is no reason to assume that fine roots were substantially more likely to break from roots from either source. Therefore, these data indicate that contributions of roots from both sources were important.
TOTAL ABOVE-GROUND BIOMASS
Thickspike produced at least 25% more biomass than Snake River in all nutrient status combinations ( Origin, destination and their interaction were highly significant (P < 0.0001). The two levels of destination differed within both levels of origin (P < 0.0001, P < 0.001 in origin low and high, respectively, with the two taxa combined; based on t-test comparisons of LS means). Taxon and genet were also significant (P < 0.05 for both). Square root biomass was used in the analysis, because this transformation best satisfied the ANOVA assumption of a normal distribution. The benefit of clonal foraging may therefore be manifested mainly in its interaction with these other plastic responses, or it may be maintained by natural selection, because it is mechanistically associated with other responses that are more beneficial. Simulation models of clonal growth suggest that the benefit of any one mechanism of ramet placement acting alone is usually very limited (Oborny 1994) . Morphological plasticity (of various plant parts) may also play a secondary role alongside other traits of clonal plants.
Although increased ramet production in highresource patches is a passive growth response, it can contribute more than plasticity in spacer lengths to concentrating ramets in high-resource patches (Cain, Dudle & Evans 1996) . Glechoma hederacea produced greater biomass when nutrients were patchy than when they were uniform, primarily because ramets in high-nutrient patches allocated much more resources to root production than ramets in low-nutrient areas did, although a weak ramet placement response to nutrient patches also occurred (Birch & Hutchings 1994 ). Clones of Potentilla (P. reptans and P. anserina) produced more biomass in patchy than in uniform light environments ) and nutrient environments (P. simplex; Wijesinghe & Handel 1994) as a result of clonal integration and resource sharing.
In clonal plants, plasticity in ramet placement can act in concert not only with plastic responses of other plant parts, but also with physiological plasticities, and differences in physiological integration and resource allocation. Because of interactions between many traits, identifying the importance of any one trait may be difficult.
